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INTRODUCTION
The Central Iberian Zone (CIZ; Iberian Massif) 
records an important late-Variscan crustal tectono-
magmatic event, as reflected by several large granitic 
intrusions dated in this area (e.g. Bea et al., 2003; 
Carracedo et al., 2009; Gutiérrez-Alonso et al., 2011; 
Merino Martínez et al., 2014). This magmatism has 
been related to crust-derived melts (e.g. Capdevila et 
al., 1973; Corretgé, 1983; Corretgé, 1985; González 
Menéndez, 1998; Villaseca et al., 1998b; Bea et al., 
1999; Alonso Olazabal, 2001; Merino Martínez et al., 
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The Valdepeñas pluton is the easternmost outcrop of the Cáceres-Valdepeñas magmatic alignment (southern 
Central Iberian Zone). This massif is constituted by a cordierite-bearing porphyritic monzogranite and may 
be grouped within the so-called “Serie Mixta” granitoids. The Valdepeñas monzogranite is of magnesian 
[FeOt/(FeOt+MgO)~0.76], alkali-calcic [(Na2O+K2O)–CaO=7.8–8.5] and peraluminous (A/CNK=1.14–1.20) 
composition. Multielemental- and REE-normalized patterns are comparable to those of similar rocks in the Nisa-
Alburquerque-Los Pedroches magmatic alignment, and slightly differ from those of the Montes de Toledo batholith, 
both in the southern Central Iberian Zone. The U-Pb zircon age of 303±3Ma is consistent with the late-orogenic 
character of the intrusion and is in accordance with most of the granitic peraluminous intrusions in the southern 
Central Iberian Zone. 86Sr/87Sr300Ma ratios (0.707424–0.711253), εNd300Ma values (-5.53 to -6.68) and whole-rock 
major and trace element compositions of the studied rocks, suggest that the parental magma of the Valdepeñas 
monzogranite could derive from a crustal metaigneous source. The U-Pb ages (552–650Ma) of inherited zircon 
cores found in Valdepeñas monzogranite samples match those often found in Lower Paleozoic metavolcanics and 
granitic orthogneisses of Central Iberia and, furthermore, point to Upper Neoproterozoic metaigneous basement 
rocks as possible protoliths at the magma source. Based on the solubility of monazite in peraluminous melts, the 
estimated emplacement temperature of the studied monzogranite is 742–762ºC. The results obtained in this work 
would contribute to a better understanding of the origin of the “Serie Mixta” granitoids.
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2014), synchronous or later than the main deformational 
and metamorphic events (López Plaza and Martínez 
Catalán, 1987; González Menéndez, 1998; Alonso 
Olazabal, 2001). Besides that, several granitoids point 
to a variable contribution of mantle-derived components 
in the genesis of the crustal source melts (e.g. Castro 
et al., 1999; Alonso Olazabal, 2001; García-Moreno, 
2004). Traditionally, in the southern areas of the CIZ 
the intrusive massifs have been grouped into three main 
magmatic alignments known, from South to North, 
as: i) Nisa-Alburquerque-Los Pedroches, ii) Cáceres-
Valdepeñas, and iii) Montes de Toledo (e.g. Aparicio et 
al., 1977; Fig. 1A).
The southernmost alignment, Nisa-Alburquerque-
Los Pedroches, is defined by late- Variscan intrusions 
arranged along ~400km parallel to the main Variscan 
tectonic structures (N120E trend). Except for the calc-
alkaline granodiorites of the Los Pedroches batholith, 
these intrusions are constituted by Ca-poor and P-rich 
peraluminous granites, with low Sr isotopic initial 
relations and emplacement ages of 304–314Ma (García 
de Madinabeitia et al., 2003; Carracedo et al., 2009; Solá 
et al., 2009; Gutiérrez-Alonso et al., 2011). These massifs 
were emplaced in the upper crust at ~2.5–3.5kbar and 
temperatures of 640–800ºC (e.g. González Menéndez, 
1998; Alonso Olazabal, 2001). According to isotope 
geochemical data, the intrusions would be derived 
from metasedimentary and metaigneous sources (e.g. 
González Menéndez, 1998; Alonso Olazabal, 2001).
The northernmost alignment (~200km long) 
corresponds mainly to the Montes de Toledo batholith, 
which includes ~20 granitoid intrusions aligned in 
N100E direction. They correspond to late-Variscan 
leucogranites and monzogranites with a variable 
peraluminous character that can reach up to extremely 
high values of peraluminousity. These granitoids stand 
out by their marked phosphorous-rich character (up to 
0.9  wt.% P2O5; Bea et al., 1992; Villaseca et al., 2008). 
These intrusions’ initial Sr isotope values are also variable 
but, in several cases, they are relatively high (~0.722) 
and their emplacement ages are 297–316Ma (Merino 
Martínez et al., 2014). According to Bea et al. (1994) 
and Merino Martínez et al. (2014), these melts were 
emplaced in the upper crust (1–2kbar), under a relatively 
wide range of temperatures (630–880ºC). Inferred 
sources were essentially metasedimentary (anatectic 
melts), with a minor contribution of metaigneous or 
hybrid (metasedimentary and metaigneous) sources 
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fIgurE 1. A) Geological map of the southern Central Iberian Zone showing the main Variscan magmatic alignments (modified after Caride de Liñán, 1994). 
B) Geological sketch of the studied area (see Figure 1A for location).
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(Andonaegui, 1990; Barbero et al., 1990; Villaseca et 
al., 1998b; Barbero and Villaseca, 2004; Villaseca et al., 
2008; Merino Martínez et al., 2014).
The Cáceres-Valdepeñas alignment is located 
between the aforementioned two magmatic alignments 
and extends along ~350km in N100–120E direction 
(Fig. 1A). Due to its size, the so-called Central 
Extremadura batholith (sensu Castro, 1986; Castro 
et al., 1999; Castro et al., 2002), which includes the 
large Cabeza de Araya massif (sometimes regarded 
as a batholith itself, e.g. Corretgé et al., 1985) and 
a few accompanying minor intrusions (Plasenzuela, 
Trujillo, etc.), represents the main component of this 
alignment, circumscribing most of the intrusions of 
the region. This batholith is mainly constituted by a 
peculiar type of granitoids, known as “Serie Mixta” 
(mixed series) granites or “Cabeza de Araya type” (e.g. 
Corretgé, 1971), which corresponds to alkali-, calc-
alkaline granites with a marked peraluminous character 
(cordierite ± Al2SiO5 ± garnet-bearing). They exhibit 
low Ca values and high P contents (Corretgé et al., 
1985; Castro et al., 2002; Corretgé et al., 2004). These 
granitoids show intermediate characteristics between 
magmas derived from sedimentary-rich sources 
(peraluminous leucogranites) and peraluminous 
granodiorites derived from metaigneous sources. 
These magmas would be emplaced in the upper crust 
at ~3–4kbar and 700–850ºC (Garcia-Moreno, 2004; 
Garcia-Moreno et al., 2007). Though metasedimentary 
rocks are in the beginning a highly plausible source for 
the origin of these melts, the contribution of protoliths 
with mantle signature seems more than likely (e.g. 
Castro et al., 1999; García-Moreno, 2004).
The easternmost intrusion included in the Cáceres-
Valdepeñas alignment is the here studied Valdepeñas 
pluton, also known as Pozo de la Serna pluton in the 
regional literature. This small granitic intrusion crops out 
next to the CM-412 road (kilometric points 46 to 48) that 
connects the villages of Valdepeñas and Pozo de la Serna 
(Ciudad Real province, Fig. 1A; B). Perhaps because of 
its small size, no detailed petrological characterization 
of this massif has been done before. This contribution 
presents the petrography, mineral geochemistry, 
conventional and isotope (Rb-Sr; Sm-Nd) whole-rock 
geochemistry, and zircon U-Th-Pb geochronology of 
this pluton. Based on these data, we discuss the magma 
sources involved in the genesis of this pluton in the 
framework of the petrogenetic models proposed for 
the late-Variscan magmatism of the southern CIZ (SW 
Iberian Massif). The conclusions of the study should be 
of special interest for future studies on the origin of the 
granitoids grouped in the so-called mixed series (“Serie 
Mixta”) granites.
GEOLOGICAL CONTEXT AND FIELD 
CHARACTERISTICS
The regional basement of the Valdepeñas pluton 
is constituted by the Schist and Greywacke Complex 
(Neoproterozoic-Lower Cambrian; Carrington da Costa 
1950; Rodríguez Alonso et al., 2004), discordantly 
covered by a Paleozoic (Ordovician-Carboniferous) 
metasedimentary sequence, structured in N120E trending 
large Variscan folds (Martínez Poyatos et al., 2004). In 
some places, the basement is discordantly overlaid by 
Cenozoic sedimentary sequences.
The Valdepeñas pluton crops out in a nearly circular 
small area (~3km2) surrounded by the Cenozoic cover, 
which impedes the observation of intrusion relations 
with the metasedimentary units (Fig. 1A). Nonetheless, 
despite its apparently small size at outcrop scale, 
gravimetric data indicate that this intrusion could be 
~10km wide and <9km deep (Bergamín and De Vicente, 
1985). The pluton is constituted by a cordierite-bearing 
porphyritic monzogranite, being noteworthy the absence 
of mafic microgranular enclaves (MME). The studied 
monzogranitic rocks are massive and homophanous. Their 
porphyritic character is defined by the presence of alkali 
feldspar phenocrysts (up to 4cm long), which are included 
in a biotite-bearing medium- to coarse-size granitic 
groundmass. Abundant globular quartz aggregates (up to 
1.2cm long) and cordierite (0.8cm long) stand out in the 
groundmass (Fig. 2A; B).
The porphyritic monzogranite appears in some places 
hydrothermally altered. Altered zones locate close to, or 
appear cut by, N160E trending quartz veins up to 45cm 
thick. The veins are parallel to the main joint system 
observed in the monzogranite mass. This system (N160E) 
is arranged in 60–70cm wide bands constituted by several 
parallel joints separated 10–15cm.
METHODS
Five representative samples of the Valdepeñas 
pluton have been studied in detail using different 
laboratory procedures. The field mesoscopic petrographic 
characterization was completed by digital studies of 
scanned images obtained from hand specimen cuttings. 
The petrographic observations in thin sections were done 
by a polarizing microscope Leica DM LP model fitted 
with a CCD camera. The proportions of rock components 
were obtained by point-count modal analyses. Polished 
thin sections were studied by electron microprobe 
techniques for mineral geochemical characterization 
at the University of Oviedo using a Cameca SX100 
instrument. Operating conditions of the microprobe were: 
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10s counting time (peak), ~10nA beam current and 15kV 
accelerating voltage. Calibration was against BRGM 
(French Geological Survey) standard minerals and the 
ZAF correction procedure was used. Both elemental 
bulk rock and isotopic analyses were performed at the 
Geochronology and Isotope Geochemistry SGIker-
Facility of the UPV/EHU. Elemental analyses were done 
by inductively coupled plasma mass spectrometry (ICP-
MS; Thermo Fisher XSeries 2) after sample fusion with 
LiBO2 and subsequent dissolution in diluted HNO3:HF 
acid mixture. The precision for all analytes is generally 
<2% (always <4%; cf. García de Madinabeitia et al., 
2008 for additional details on the analytical procedure). 
Sm and Nd concentrations were determined by isotope 
dilution thermal ionization mass spectrometry (TIMS, 
Finnigan MAT262) after sample dissolution in closed 
Savillex PFA vessels using a mixed 149Sm/150Nd tracer. 
The precision typically achieved on 147Sm/144Nd ratios and 
Sm and Nd concentrations is 0.5% at a 95% confidence 
level. In the same sample solution obtained for Sm and 
Nd determination, Sr isotopic ratios were determined 
using multicollection inductively coupled plasma mass 
spectrometry (MC-ICP-MS, Neptune, Thermo Fisher 
Scientific). Rb and Sr concentrations were obtained in the 
bulk rock analysis, and 87Rb/86Sr ratios were calculated from 
these data and the 87Sr/86Sr measured ratios. The precision 
for concentrations and Rb/Sr ratios is typically 2% at a 
95% confidence level. U-Th-Pb isotope measurements of 
zircon grains were conducted by LA-ICP-MS. The samples 
were ablated with a 213nm Nd:YAG based laser ablation 
(LA) system (NewWave Research) coupled to a quadrupole-
based ICP-MS (Thermo XSeries 2). Spot diameters of 30µm 
associated to repetition rates of 10Hz and laser fluence at 
the target of ~2.5J/cm2 were used. The signals of 202Hg, 
204(Pb + Hg), 206Pb, 207Pb, 208Pb, 232Th, 235U and 238U masses 
were determined. The occurrence of common Pb in the 
samples was monitored by the evolution of 204(Pb + Hg) 
signal intensity, and those analyses with common Pb were 
rejected. Data reduction was carried out with Iolite v. 3 
(Paton et al., 2011) and VizualAge (Petrus and Kamber, 
2012), using GJ-1 zircon standard (Jackson et al., 2004) 
for calibration, and Plešovice zircon (Sláma et al., 2008) as a 
secondary standard. Percentage concordance was calculated 
as [(206Pb/238U age) / (207Pb/206Pb age)] × 100 (Meinhold et 
al., 2010) (cf. Ábalos et al., 2012 for additional details on 
the LA-ICP-MS analytical procedure).
PETROGRAPHY AND MINERAL GEOCHEMISTRY
The cordierite-bearing porphyritic monzogranite of 
Valdepeñas exhibits an hypidiomorphic porphyritic texture 
defined by alkali feldspar phenocrystals included into a 
medium- to coarse-size groundmass constituted by quartz, 
plagioclase, alkali feldspar, biotite, cordierite, apatite, 
zircon, monazite, muscovite and opaque minerals (Fig. 3A).
Alkali feldspar phenocrystals are up to 4cm long and 
subhedral. They often exhibit perthitic exsolutions, and Frasl 
inclusions of biotite, plagioclase, apatite and muscovite (Fig. 
3A). Plagioclase (1–5mm; 30–40 vol.%) is idiomorphic, 
and alteration to sericite is observed at crystal cores. Quartz 
(25–35 vol.%) appears as xenomorphic globular crystals, 
generally defining glomeroporphyritic aggregates (Fig. 
2A; B). Biotite (1–2mm; 3–8 vol.%) is idiomorphic, can be 
partially or totally transformed to secondary muscovite (Fig. 
3B), and frequently contains inclusions of apatite, monazite 
and zircon (Fig. 3B; C). Cordierite (≤10mm; 3–6 vol.%) 
appears often completely altered to pinite, muscovite and 
biotite (Fig. 3D). Muscovite appears mainly as alteration 
of cordierite and biotite, but also as idiomorphic primary 
crystal. Since muscovite can replace completely biotite, 
sometimes it is not possible to discriminate between primary 
and secondary muscovite. Apatite may occur as idiomorphic 
A
K-feldspar phenocrystal
Globular quartz
B
10mm K-feldspar phenocrystal
Globular quartz
Cordierite
fIgurE 2. A) Field textural characteristics of the Valdepeñas 
cordierite-bearing porphyritic monzogranite. B) Scanned section of a 
sample of the studied monzogranite, where it stands out the relative 
abundance of globular quartz aggregates and cordierite prisms.
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prisms (100–400µm) included into biotite and alkali feldspar, 
or as isolated crystals in the groundmass (Fig. 3C).
The composition of alkali feldspar phenocrystals is the 
same as the subidio- xenomorphic (8–9mm; 15–30 vol.%) 
ones from the groundmass (Or89-98; Fig. 4A). Plagioclase 
is compositionally zoned, with variable compositions 
for the cores (up to An59) and rims (An02-28; Fig. 4A). The 
biotite is primary (Fig. 4B) and compositionally rich in 
Al (Fig. 4C; D), though they plot in the calc-alkaline 
field of the FeOt–MgO–Al2O3 diagram (Rossi and 
Chevremont, 1987). Cordierite is magmatic (Fig. 4E) and 
shows some variations in MgO (4.82–8.06 wt.%) and FeO 
(7.90%–11.93 wt.%). Muscovite with primary features is 
scarce and has a not very different composition from the 
one formed by the alteration of biotite (Fig. 4F).
WHOLE-ROCK GEOCHEMISTRY
Five samples were selected for whole-rock 
geochemical characterization (Table 1). The results 
obtained indicate that variations in major element 
concentrations are practically negligible. Granitic rocks of 
the Valdepeñas pluton are compositionally homogeneous 
(Al2O3=14.50–14.92 wt.%; K2O+Na2O=8.36–9.23 wt.%), 
acid (SiO2=71.56–72.87 wt.%), low-Ca (CaO=0.66–0.72 
wt.%) and phosphorous-rich (P2O5=0.29–0.30 wt.%), with 
low total Fe2O3t+MgO+TiO2+MnO content (2.02–2.33 
wt.%).
These rocks plot in the sub-alkaline granite field of the TAS 
(Wilson, 1989) and Ab–An–Or (O’Connor, 1965) diagrams. 
Geochemically are peraluminous (A/CNK=1.14–1.20), 
alkali-calcic ([Na2O+K2O]–CaO=7.68–8.57), and magnesian 
(FeOt/(FeOt+MgO)=0.76), with relatively high normative 
corundum contents (3.65–4.74).
Trace elements contents is also uniform for the whole 
set of analysed samples (Table 1). The values obtained are 
close to those of the total-crust composition (Rudnick and 
Gao, 2003) with near flat normalized patterns respect to the 
total-crust (Fig. 5A). These flat patterns are only modified 
by the relatively marked depletions in Sr and Ti, and the 
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fIgurE 3. Optical microscope images of thin sections (A and D in cross-polarized light, B and C with parallel nicols). A) Oriented inclusions in 
perthitic K-feldspar phenocrystal. B) Detail of secondary muscovite growth on biotite edges. C) Apatite concentrate partially included in a mineral 
inclusion-rich biotite crystal. D) Completely altered idiomorphic cordierite.
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fIgurE 4. A) Ab–An–Or ternary diagram showing plagioclase and K-feldspar compositions of the Valdepeñas monzogranite. B) TiO2–(FeOt+MnO)–
MgO ternary diagram for biotite classification (Nachit et al., 2005). C) Magmatic series discrimination diagram based on biotite compositions; solid 
lines (Abdel-Raman, 1994) divide the A (alkali), C (calc-alkali), and P (peraluminous) fields. Dashed lines (Rossi and Chevremont, 1987) limit the 
following fields: Ia (Limousin type alumino-potassic), Ib (Guéret type alumino-potassic), II (calc-alkaline), IIIa (Mg-potassic monzonitic), IIIb (Fe-potassic 
monzonitic). D) Magmatic series discrimination diagram based on the composition of biotite (Nachit et al., 1985). E) Classification diagram for cordierite 
(Pereira and Bea, 1994). F) Mg–Ti–Na classification diagram for muscovite (Miller et al., 1981).
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enrichments in Rb and Cs (Fig. 5A).
Total rare earth elements (REE) range from 75.59 
to 87.04ppm, with marked enrichments (60x–70x) in 
light REE (LREE) with respect to the chondrite average 
(Sun and McDonough, 1989), compared to the heavy 
REE (HREE; 4x–5x chondrite; Fig. 5B). Chondrite-
normalized REE patterns reveal similar fractionation 
of LREE ([La/Sm]N=2.5–2.6) and HREE until Ho 
([Gd/Ho]N=2.8–3.0), with a remarkable change in the 
patterns slope after Ho ([Ho/Lu]N=1.2–1.3), and a Eu 
negative anomaly (Eu/Eu*=0.43–0.48).
ZIRCON U-Th-Pb GEOCHRONOLOGY
Backscattered electron microscopy images of zircons 
revealed the common occurrence of internal structures 
with inherited cores and rims showing different 
characteristics (Fig. 6). To check  the possibility of 
different ages in those discerned areas, a total of 96 
U-Pb analyses were done in 79 grains of zircon by 
LA-ICP-MS. The signal obtained in each analysis was 
carefully checked in order to discard the presence of 
common Pb that cannot be properly corrected by this 
method or of any other analytical problem. Finally, 54 
analyses were considered valid for an age interpretation 
(Table 2). The representation of all the analysis in the 
Concordia diagram (Fig. 6B) shows definite differences 
in the results obtained pointing to at least two groups of 
ages within these samples.
Hence, out of the total analysis, a group of concordant 
values, most of them from rim or outer areas, allows to 
assign an emplacement age to the Valdepeñas pluton of 
303±3Ma, obtained as weighing the average of 206Pb/238U 
ages of individual analyses (Fig. 6C). Another group 
corresponds to 24 spots located mainly at inherited 
cores, providing ages between 552Ma and 650Ma. 
Although these 24 results do not define a concordant 
age, a 206Pb/238U mean age of 599±12Ma (Fig. 6D) can, 
nonetheless, be obtained. Finally, a small number of 
analyses point to. at least, another older zircon formation 
event (Fig. 6A; Table 2), although it would be necessary 
to obtain more results in order to consider further these 
older values.
WHOLE-ROCK ISOTOPE GEOCHEMISTRY
Three monzogranitic samples were selected for 
whole-rock Rb-Sr and Sm-Nd isotope characterization. 
The relatively homogeneous Rb, Sr, Sm and Nd 
concentrations of the analysed rocks (Table 1) are also 
reflected in their 87Rb/86Sr, 87Sr/86Sr, 143Nd/144Nd, and 
147Sm/144Nd isotopic ratios, which vary in a narrow 
range (Table 3). Considering the zircon crystallization 
age of the Valdepeñas monzogranite (303±3Ma), 
initial 87Sr/86Sr ratios and εNd values were calculated 
at 300Ma. Two samples show almost identical 87Sr/86Sr 
and εNd values, and the third one shows slightly lower 
87Sr/86Sr ratios and less negative εNd values (Table 3). 
Nevertheless, the three samples give very similar results 
(Sr300Ma=0.706–0.710; Nd300Ma=0.511909–0.511968), 
which obviously does not allow any whole-rock 
radiometric age estimation of the pluton.
Table 1: Major (in wt. %) and trace element (in μg/g) data of Valdepeñas 
monzogranites. 
Sample Vldp 01 Vldp 02  Vldp 03  Vldp 04  Vldp 05  
SiO2 72.75 72.65 72.87 71.56 72.42 
Al2O3 14.50 14.62 14.64 14.92 14.69 
TiO2 0.20 0.19 0.19 0.18 0.19 
CaO 0.69 0.67 0.68 0.66 0.72 
Fe2O3t 1.38 1.54 1.46 1.65 1.44 
K2O 5.32 5.16 4.94 5.80 5.30 
MgO 0.42 0.48 0.43 0.48 0.40 
MnO 0.02 0.02 0.02 0.03 0.02 
Na2O 3.20 3.38 3.42 3.43 3.50 
P2O5 0.30 0.30 0.29 0.30 0.30 
LOI 1.18 0.91 0.99 0.91 0.93 
Total 99.96 99.91 99.93 99.91 99.91 
Ba 289 246 302 258 267 
Co 103 48.3 81.8 87.8 85.5 
Cr 3.59 29.4 7.64 14.8 6.44 
Cs 28.0 28.6 28.9 30.4 29.4 
Hf 2.71 2.66 2.61 2.51 2.68 
Nb 9.06 9.12 9.27 9.16 8.71 
Ni <MDL 27.2 25.0 37.4 26.7 
Pb 27.8 27.9 26.9 29.3 27.5 
Rb 297 291 294 311 309 
Sc 1.00 0.54 <MDL 3.00 <MDL 
Sn 16.91 14.15 16.12 14.41 15.85 
Sr 69.37 73.33 71.45 72.39 75.41 
Ta 1.77 1.82 1.77 1.89 1.69 
Th 7.17 6.40 5.94 6.20 6.55 
U 4.58 3.98 3.65 3.83 3.77 
V 12.75 12.55 13.08 13.58 12.29 
Y 10.36 9.9 9.79 9.58 10.29 
Zn 58.74 60.29 60.79 65.49 61.07 
Zr 85.86 83.17 83.67 78.58 87.02 
La 16.34 14.75 14.29 14.43 15.54 
Ce 35.82 32.61 31.14 31.53 33.99 
Pr 4.72 4.19 4.04 4.10 4.43 
Nd 17.46 15.55 14.91 15.14 16.38 
Sm 4.21 3.75 3.59 3.63 3.93 
Eu 0.52 0.51 0.50 0.51 0.53 
Gd 3.29 2.96 2.85 2.85 3.09 
Tb 0.47 0.43 0.41 0.41 0.44 
Dy 2.19 2.04 1.96 1.98 2.12 
Ho 0.30 0.29 0.28 0.28 0.30 
Er 0.75 0.72 0.70 0.69 0.75 
Tm 0.11 0.11 0.11 0.10 0.11 
Yb 0.75 0.73 0.72 0.71 0.75 
Lu 0.11 0.10 0.10 0.10 0.11 
 
 
 
 
 
TablE 1. Major (in  wt.%) and trace element (in μg/g) data of the 
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DISCUSSION
Magma sources of the Valdepeñas pluton
Mineral and whole-rock composition of the studied 
samples of the Valdepeñas pluton allow to classify them 
as S-type, cordierite-bearing peraluminous monzogranites. 
They could have been derived directly from the melting 
of crustal sources (metasedimentary or metaigneous), 
although they could also have been generated by mixing/
assimilation of crustal rocks with/by mantle-derived melts, 
or they could have even been generated by the extreme 
differentiation of mantle-derived melts (e.g. Villaseca et 
al., 1998b; Bea et al., 1999; Castro et al., 1999; Bea et al., 
2003). Crustal mafic metaigneous sources will be excluded 
of the present discussion because they usually produce 
K-poor melts of tonalitic or trondhjemitic compositions 
(e.g. Sylvester, 1998).
CaO/Na2O ratios in Valdepeñas (0.19–0.21) are lower 
than 0.3, discarding the involvement of significant volumes 
of mafic melts during a hypothetical magma mixing 
process (Sylvester, 1998), pointing rather to a metapelitic 
source. Nevertheless, Eu/Eu* values (Eu/Eu*= 0.43–0.48) 
indicate that plagioclase fractionation is playing a role, 
and the CaO/Na2O ratio may be altered from the ones 
representing pure granite melts, which impedes to 
discard a metaigneous source. Moreover, the low CaO 
content in Valdepeñas (0.66–0.72 wt.%) is far from that 
of experimental melts obtained by melting-assimilation 
tests with mafic metaigneous and metamorphic protoliths 
(e.g. CaO=1.48–3.23 wt.%; Patiño Douce, 1995). In the 
A-B diagram of Debon and Le Fort (1983; modified by 
Villaseca et al., 1998a), the samples of Valdepeñas are 
projected in the peraluminous category, concretely in 
the felsic peraluminous field but near to the moderately 
peraluminous field, showing relatively low values (slightly 
<50) of both A and B parameters (Fig. 7), which points 
to a crustal origin. According to Villaseca et al. (1998a), 
the apparent absence of MME (numerous in moderately 
peraluminous granitoids) is consistent with their projection 
in the felsic peraluminous field (Fig. 7). Nevertheless, 
their low modal proportions of muscovite and the presence 
of biotite and cordierite as mafic minerals do not fit 
completely the expected characteristics of the granitoids of 
this field. Compared to experimental melts obtained from 
crustal sources (Patiño Douce and Johnston, 1991; Montel 
and Vielzeuf, 1997), the composition of studied samples 
overlap that of melts derived from pelite and greywacke 
sources (Fig. 7). Furthermore, they do not match the 
composition of the most evolved terms of cafemic and 
alumino-cafemic magmatic series, which derive from 
mantle and hybrid (mantle-crust) sources (Debon and Le 
Fort, 1983). Whole-rock major element geochemistry data 
would indicate, in a first approach, an exclusively crustal 
source for the Valdepeñas magmas.
The obtained weighted average of 206Pb/238U age for 
the Valdepeñas pluton allows to assign an emplacement 
age of 303±3Ma, and let us classify it as a late- to post-D3 
granitoid (e.g. Dias et al., 1998). The radiometric age is in 
the range of ages of peraluminous intrusions of the Montes 
de Toledo batholith (297–316Ma; Merino Martínez et al., 
2014) and the Central Extremadura batholith (296–309Ma; 
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Carracedo et al., 2005; Gutiérrez-Alonso et al., 2011), 
and it would be slightly younger than those obtained for 
the Nisa-Alburquerque-Los Pedroches alignment (304–
314Ma; García de Madinabeitia et al., 2003; Carracedo et 
al., 2005, 2009; Solá et al., 2009; Gutiérrez-Alonso et al., 
2011).
Trace element patterns normalized to total-crust 
(Rudnick and Gao, 2003) of the Valdepeñas monzogranite 
are similar to the average normalized pattern of the Nisa-
Alburquerque-Los Pedroches alignment granites, while 
markedly depleted (in the most compatible elements) 
when compared to that of the Montes de Toledo alignment 
(Fig. 5A). Similarly occurs with the chondrite-normalized 
REE patterns, which are practically equal to the average 
of the Nisa-Alburquerque-Los Pedroches alignment 
granites (slightly depleted after Ho), and markedly 
depleted regarding the average of the Montes de Toledo 
alignment (Fig. 5B). A comparison to other rocks of the 
Cáceres-Valdepeñas alignment has not been attempted 
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Spot 
name 
Elemental concentration (µg g-1)a Data for Wetherill plot Ages 
% concc U Th Pb 207Pb/235U 2sb 206Pb/238U 2sb Rho 206Pb/238U 2s (abs)b 207Pb/235U 2s (abs)b 
1 206 427 2 0.88 5% 0.104 2% -0.05 638 10 634 25 101 
4 313 638 1 0.81 5% 0.097 2% 0.10 598 10 593 22 101 
7 271 273 2 0.36 6% 0.045 2% 0.09 285 6 309 17 92 
9 84 92 4 0.39 9% 0.048 3% -0.15 304 8 321 25 95 
10 100 113 3 0.36 8% 0.049 2% -0.05 307 7 301 21 102 
11 163 175 3 0.39 9% 0.049 2% 0.18 307 7 322 23 95 
14 155 148 5 0.42 7% 0.053 3% 0.09 335 10 348 22 96 
15 164 276 53 0.36 4% 0.048 2% 0.43 302 6 314 12 96 
16 99 193 3 0.78 5% 0.093 2% 0.08 574 10 576 23 100 
17 82 135 7 0.48 13% 0.062 5% 0.33 389 18 392 43 99 
18 171 223 29 0.36 3% 0.048 2% 0.29 303 5 309 9 98 
19 860 1954 1 0.90 5% 0.105 2% 0.09 640 13 647 27 99 
20 372 1165 3 1.49 4% 0.144 2% 0.54 868 16 921 21 94 
22 999 963 4 0.43 5% 0.052 2% 0.40 326 7 360 15 91 
23 680 616 3 0.42 5% 0.050 2% 0.07 316 5 350 15 90 
24 61 125 2 0.90 10% 0.094 4% 0.03 579 19 615 52 94 
25 198 375 1 0.78 7% 0.092 2% 0.10 567 11 568 31 100 
26 139 455 2 1.60 5% 0.162 2% 0.09 964 22 959 32 101 
27 121 414 2 1.69 5% 0.165 2% 0.22 983 20 995 29 99 
28 111 216 1 0.83 8% 0.095 3% 0.04 587 14 584 38 101 
29 132 271 1 0.88 7% 0.102 2% 0.05 623 13 629 34 99 
33 332 336 3 0.36 6% 0.048 2% 0.11 299 6 309 15 97 
35 101 117 12 0.35 5% 0.048 2% 0.17 304 5 303 12 100 
37 540 1041 2 0.85 4% 0.098 2% 0.10 601 11 621 20 97 
38 969 1942 3 0.82 3% 0.097 1% 0.51 598 8 605 14 99 
42 161 257 2 0.58 5% 0.074 2% 0.19 459 8 463 20 99 
44 1115 2147 2 0.79 3% 0.089 2% 0.25 552 9 594 15 93 
45 112 307 40 0.39 5% 0.049 3% 0.52 307 10 335 15 92 
48 129 137 4 0.35 7% 0.048 2% 0.05 300 6 298 17 101 
P_09 103 188 3 0.71 7% 0.084 3% -0.04 521 15 536 30 97 
P_10 62 85 34 0.39 9% 0.050 4% 0.21 315 14 333 27 95 
P_11 888 1628 1 0.80 4% 0.095 2% 0.27 587 11 591 18 99 
P_13 71 100 25 0.40 10% 0.056 3% 0.27 350 11 341 30 103 
P_14 255 252 4 0.40 8% 0.053 3% 0.29 330 8 335 22 98 
P_15 189 324 3 0.76 5% 0.093 2% 0.26 575 11 564 19 102 
P_16 310 559 2 0.82 7% 0.099 3% 0.20 610 16 597 32 102 
P_17 300 529 2 0.79 5% 0.098 2% 0.21 602 12 584 20 103 
P_18 336 622 2 0.86 6% 0.103 3% 0.24 632 17 629 30 100 
P_19 117 116 6 0.43 7% 0.057 3% 0.23 356 9 359 21 99 
P_20 705 1179 1 0.79 6% 0.095 2% 0.09 584 12 586 26 100 
P_21 176 189 3 0.37 5% 0.049 2% 0.10 306 7 313 15 98 
P_22 131 142 4 0.36 6% 0.048 2% 0.15 301 7 303 17 99 
P_24 79 91 3 0.39 10% 0.047 3% 0.16 299 8 325 27 92 
P_25 149 1085 2 6.88 3% 0.369 2% 0.27 2025 29 2089 28 97 
P_26 128 308 7 0.95 4% 0.106 2% 0.13 650 10 673 18 97 
P_27 124 290 7 0.92 3% 0.105 2% 0.23 645 10 655 18 99 
P_28 175 371 2 0.80 7% 0.102 2% 0.18 625 15 582 31 107 
P_29 156 344 3 0.95 6% 0.112 2% 0.20 682 14 665 29 103 
P_30 171 174 5 0.34 6% 0.048 2% 0.07 302 6 293 16 103 
P_31 205 211 2 0.37 7% 0.046 3% 0.17 293 7 318 22 92 
P_34 514 1497 2 1.59 5% 0.152 2% 0.40 912 19 958 31 95 
P_35 558 958 2 0.78 6% 0.087 3% 0.25 535 13 582 30 92 
P_36 51 69 16 0.38 11% 0.048 4% 0.26 302 13 320 29 94 
P_37 50 67 20 0.39 9% 0.049 4% 0.26 309 13 333 26 93 
P_38 90 93 3 0.33 8% 0.047 2% 0.16 294 7 282 21 104 
P_39 283 268 2 0.33 7% 0.045 2% 0.08 281 6 285 17 98 
P_40 387 731 2 0.83 5% 0.092 2% 0.26 566 12 604 25 94 
P_43 88 639 4 7.09 4% 0.395 2% 0.37 2142 41 2120 34 101 
P_44 175 180 6 0.36 6% 0.050 2% 0.17 314 6 306 16 103 
P_46 1415 2978 1 0.76 4% 0.093 2% 0.34 571 12 569 18 100 
P_47 507 1042 2 0.81 5% 0.099 2% 0.10 611 12 595 24 103 
P_48 455 916 1 0.81 4% 0.098 2% 0.31 604 12 599 20 101 
 
TablE 2. U-Th-Pb zircon LA-ICPMS analyses. For a, b, c key see the figure caption of Table 3
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because of the difficulty to obtain enough trace element 
data from literature. We have only considered the case 
of the Logrosán cupola, which shows similar normalized 
REE patterns to those of the Valdepeñas monzogranite 
(Chicharro et al., 2014).
Valdepeñas monzogranite shows high initial 
86Sr/87Sr300Ma ratios (0.707424–0.711253) and εNd300Ma 
values between –5.53 and –6.68 (Table 3). In the 
86Sr/87Sr300Ma–εNd300Ma diagram (Fig. 8), studied samples 
plot in the field of the felsic granulites derived from the 
lower crust of the Spanish Central System (SCS; Villaseca 
et al., 1998b 1999) and the anatexites of the Anatectic 
Complexes of the Ávila Batholith (ACAB; Bea et al., 
1999, 2003), but out of the field of the metasediments of 
the Schist and Greywacke Complex (Fig. 8). Although 
the εNd300Ma values diverge slightly upwards from the 
“crustal source trend” of Castro et al. (1999; Fig. 8), 
these values and elevated initial 86Sr/87Sr ratios suggest 
a crustal provenance of the magmas that generated the 
studied monzogranite, in agreement with their marked 
peraluminous character (e.g. McCulloch and Chappell, 
1982; Fitton et al., 1988; Saunders et al., 1988). Moreover, 
the isotopic signature of Valdepeñas monzogranite allows 
to discriminate between metapelitic and felsic metaigneous 
sources in favour of the latter. In the Montes de Toledo 
batholith, similar 86Sr/87Sr300Ma ratios and εNd300Ma values 
of Type-3 granodiorites and monzogranites are related 
with Ordovician felsic peraluminous metaigneous sources 
(Merino Martínez et al., 2014). Similarly, the 86Sr/87Sr300Ma 
ratios of Valdepeñas monzogranite are comparable to 
those of the Nisa-Alburquerque batholith granitoids 
(González Menéndez, 1998) and the Campanario-La Haba 
pluton (Alonso Olazabal, 2001), though εNd300Ma values 
differ slightly in both cases. In the Nisa-Alburquerque 
batholith, it is suggested a metaigneous source only for 
the Central Facies B, while in the Campanario-La Haba 
pluton is suggested a metapelitic source with variable 
mantle contribution (González Menéndez, 1998; Alonso 
Olazabal, 2001). In the Central Extremadura batholith 
of the Cáceres-Valdepeñas alignment, the “Serie Mixta” 
granitoids show similar Sr-Nd isotopic signatures to those 
mentioned of the Nisa-Alburquerque-Los Pedroches 
alignment, whereas Plasenzuela and Montánchez granites 
show noticeably higher 86Sr/87Sr300Ma ratios and less 
negative εNd300Ma values (Castro et al., 1999). Finally, 
the Logrosán cupola shows slightly higher 86Sr/87Sr300Ma 
ratios and higher εNd300Ma values (Chicharro et al., 2014) 
than those of the Valdepeñas monzogranite. The “Serie 
Mixta” granitoids source is still a matter of controversy, 
but mantle contribution is suggested (Castro et al., 1999; 
García-Moreno, 2004). On the contrary, the granitoids of 
the Logrosán cupola are related to the partial melting of 
heterogeneous Neoproterozoic metasediments (Chicharro 
et al., 2014).
The 552–650Ma Cryogenian to Ediacaran ages of 
inherited zircon cores in Valdepeñas monzogranite fit with 
the abundant inheritance of zircons of Neoproterozoic 
(mostly Ediacaran), Cambrian and Ordovician ages 
found in some CIZ granitoids (Fernández-Suárez et al., 
2011; Orejana et al., 2012; Villaseca et al., 2012; Merino 
Martínez et al., 2014). Moreover, similar inherited ages 
have also been determined in zircons of lower crustal 
granulite xenoliths of the SCS (Fernández-Suárez et al., 
2006), in the Cambrian-Ordovician metavolcanics and 
Lower Paleozoic metagranitic orthogneisses of central and 
NW Iberia (Montero et al., 2007; 2009; Talavera et al., 
2008, 2013; Villaseca et al., 2016), and as discrete grains 
in metasedimentary rocks of the Schist and Greywacke 
Complex (Talavera et al., 2012). As mentioned above, major 
element composition and Sr-Nd isotopic signature of the 
Valdepeñas monzogranite are consistent with metaigneous 
crustal sources. The presence of inherited zircon cores of 
 
Table 3: Sr and Nd isotope compositions of Valdepeñas monzogranites. 
Sample Rb a Sr a 87Rb/86Sr 87Sr/86Sr b 87Sr/86Sr 300Ma  
Vldp 01 297 69.4 12.4 0.764361 (16) 0.711253 
Vldp 02 291 73.3 11.5 0.756689 (16) 0.707424 
Vldp 03 294 71.5 12.0 0.761611 (16) 0.710544 
Sample Sm a Nd a 147Sm/144Nd 143Nd/144Nd b,c 143Nd/144Nd 300Ma  (εNd)300Ma  
Vldp 01 3.57 14.7 0.1471 0.512222 (7) 0.511933 -6.26 
Vldp 02 3.36 14.2 0.1428 0.512251 (7) 0.511971 -5.53 
Vldp 03 3.24 13.3 0.1470 0.512200 (5) 0.511911 -6.68 
 
a: Concentrations are in μg/g. 
b: The 87Sr/86Sr ratio of the NBS 987 standard measured during the period of the analyses was 0.710269. 2SD= 0.000006 (n=2).
 Errors are expressed as 2SE from internal measurements and refer to the least significant digit.  
c: During the period of measurements. The La Jolla isotopic standard gave a value of 143Nd/144Nd=0.511860. 2SD=0.000008 (n=1).
Errors are expressed as 2SE from internal measurements and refer to the least significant digit.  
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552–650Ma suggests that the protolith for the generation 
of the Valdepeñas monzogranitic magma might have most 
likely been of Ediacaran age. This means that the protolith 
would be similar to the one of the metavolcanics and Lower 
Paleozoic metagranitic orthogneisses of the SCS (e.g. Bea 
et al., 1999, 2003; Villaseca et al., 2016).
The emplacement age obtained for the Valdepeñas 
pluton (303±3Ma; Gzhelian) coincides with that of the 
gravitational collapse and erosive dismantling of the 
Variscan orogeny (Martínez Catalán et al., 2009). This 
late extensional regime could have led to an important 
decompression of the upper mantle and the lower 
thickened crust. Decompression could have induced 
mantle melting and emplacement of mafic magmas 
in the middle crust. The heat provided by these mafic 
magmas could have contributed to the increase of the 
already high temperatures (thermally incubated during 
crustal thickening) of the materials forming lower and 
middle portions of the crust, and their melting generated 
peraluminous magmas (Annen et al., 2006; Castro, 
2014). Nevertheless, in the CIZ, basic rocks related to 
peraluminous granitoids are scarce, or notably younger 
than crustal melting events (Villaseca et al., 1998b, 
Bea et al., 1999; Bea et al., 2006; Merino Martínez et 
al., 2014). In this crustal thickening scenario mantle 
contribution would imply a normal conductive heat 
through the base of the lithosphere (Patiño Douce 
et al., 1990). In this context, the main heat supply 
for crustal melting would be the radiogenic heating 
due to the enrichment of the crustal sources in heat-
producing elements, such as K, Th and U (Bea, 2012). 
According to this author, a fertile continental crust 
(more radioactive than the average continental crust) 
can generate large granitic magmatism after 30–40Ma 
of thermal maturation. Thus, radiogenic heating of a 
crustal metaigneous source could induce the generation 
of the magmas that fed the Valdepeñas pluton. The 
extrapolation of this petrogenetic model to the origin 
of peraluminous granitoids in the southern CIZ must 
be taken with caution since whole-rock geochemistry 
of the peraluminous granitoids is variable in detail, 
and whole-rock isotope characterization data are still 
scarce. 
Geothermometry from whole-rock composition
Accessory minerals play a decisive role in 
petrogenetic studies of granitoids since they directly 
control the response of isotopic systems and dictate the 
geochemical variation of different elements, especially 
that of trace elements. In the case of peraluminous 
granitoids, zircon, apatite and monazite are key 
minerals in this case (Bea, 1996a, 1996b; Janoušek et 
al., 2016 and references therein).
Harrison and Watson (1984) defined an expression 
for apatite saturation behaviour in melts with 0–10% 
of H2O and temperatures of 850ºC to 1500ºC but, 
because of the higher potential of peraluminous melts, 
Bea et al. (1992) and Pichavant et al. (1992) proposed 
improvements for this equation. Nevertheless, for rocks 
with SiO2>70  wt.% these equations are very sensitive 
to small variations in whole-rock P2O5 concentrations, 
and small analytical errors could derive in significant 
changes in calculated saturation temperatures (Janoušek, 
2006). Using the GCDkit software (Janoušek, 2006; 
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Janoušek et al., 2006), which assumes a 42 wt.% of 
P2O5 in apatite, saturation temperatures for apatite in 
the Valdepeñas monzogranite were calculated. The 
temperatures provided by the methods of Harrison 
and Watson (1984) and Bea et al. (1992) seem to be 
overestimated (~900–1050ºC), while those estimated 
with the expression of Pichavant et al. (1992) are more 
suitable for these rocks, comprising temperatures of 
622–673ºC (Table 4). An identical temperature range 
of 667–673ºC is obtained for the analysed two samples 
using that expression and apatite electron microprobe 
data (Table 4).
Given their significance for geochronology and the 
fact that they register high temperature crustal processes, 
the solubility of zircon and monazite in felsic melts has 
attracted special interest in the last decades (Hanchar 
and Watson, 2003 and references therein; Janoušek, 
2006). Watson and Harrison (1983) carried out an 
experimental work and proposed an expression for the 
solubility of zircon in calc-alkaline melts as a function 
of the temperature. In the Valdepeñas pluton, most 
zircons have inherited cores, which suggests a source 
saturated in Zr. In this case, the equation of Watson 
and Harrison (1983) could overestimate the saturation 
temperature of zircon (Miller et al., 2003; Harrison et 
al., 2007). This equation has been refined by Bohenke 
et al. (2013) and concluded that, except those cases in 
which the M ([Na + K + 2Ca]/[Al x Si]) and Zr values 
are high, the new model predicts similar temperatures 
for most melt compositions and temperatures to that of 
Watson and Harrison (1983). Considering the M values 
(1.22–1.32) and Zr concentrations (78.58–87.02ppm) 
of the Valdepeñas monzogranite, even assuming that 
zircon saturation temperatures were overestimated, 
we have calculated the temperature range. Using 
the GCDkit software, which assumes an amount of 
497,644ppm of zirconium in zircon, and using the 
expression of Watson and Harrison (1983), the obtained 
temperature range is 734–746ºC (Table 4).
Monazite is the main LREE carrier (as it can also 
incorporate Th and U) in Ca-poor felsic melts, which 
became saturated in monazite and xenotime with low 
amounts of REE (Bea, 1996b). From the experimental 
works of Rapp and Watson (1986), Montel (1993) defined 
an expression for monazite solubility in this type of melts. 
This expression, using the GCDkit software for monazite 
saturation temperatures in the Valdepeñas monzogranite 
gives a range of 742–762ºC (Table 4). Considering the 
whole-rock P2O3 determination problem mentioned 
above and the presence of inherited zircon cores, the 
most suitable temperature range of crystallization of 
the Valdepeñas monzogranite are those obtained from 
monazite (742–762ºC; Table 4).
Using the solubility of accessory minerals above 
mentioned, González-Menéndez (1998) and Alonso 
Olazabal (2001) determined the emplacement temperatures 
of the Nisa-Alburquerque batholith and the Campanario-La 
Haba pluton, respectively, obtaining a range of 640–800ºC. 
Similarly, Merino Martínez et al. (2014) determined the 
emplacement temperatures of the Montes de Toledo 
batholith, obtaining values of 630–880ºC, thus very close 
to those of Nisa-Alburquerque-Los Pedroches aligment. 
On the basis of experimental studies with samples of 
the Cabeza de Araya pluton, García-Moreno et al. 
(2007) poproposed temperatures of 700–850ºC for the 
peraluminous magmas of the Cáceres-Valdepeñas 
alignment. These values are similar to those obtained 
for the aforementioned two alignments and to those 
obtained in our study. The emplacement temperature 
range (742–762ºC), for the melts that generated the 
Valdepeñas pluton, would be, therefore, within the range 
of the reported temperatures for peraluminous intrusive 
rocks elsewhere in the CIZ.
Table 4: Apatite, zircon and monazite saturation temperatures of Valdepeñas pluton. 
Sample Vldp 01 Vldp 02 Vldp 03 Vldp 04 Vldp 05 
n - - - 6 6 
P2O5% in apatite (x) - - - 42.74 42.57 
SiO2 % whole-rock 72.75 72.65 72.87 71.56 72.42 
P2O5% whole-rock 0.30 0.30 0.29 0.30 0.30 
A/CNK 1.18 1.18 1.20 1.14 1.15 
TºC Apatite microprobe (Pichavant et al., 1992) - - - 673 667 
TºC Apatite (Pichavant et al., 1992) 639 633 622 673 667 
TºC Zircon (Watson and Harrison, 1983) 746 743 745 734 744 
TºC Monazite (Montel, 1993) 762 753 753 742 751 
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CONCLUSIONS
The Valdepeñas pluton is the easternmost outcrop of 
the Cáceres-Valdepeñas magmatic alignment (southern 
Central Iberian Zone) and is constituted by a cordierite-
bearing porphyritic peraluminous monzogranite. The 
whole-rock geochemistry of this monzogranite is 
closer to the granitoids of the Nisa-Alburquerque-Los 
Pedroches magmatic alignment rather than to the one 
of the Montes de Toledo batholith. The obtained U-Pb 
zircon age (303±3Ma) is in accordance with most of 
the granitic peraluminous intrusions of the southern 
CIZ. 86Sr/87Sr300Ma ratios (0.707424–0.711253) and 
εNd300Ma values (-5.53 to -6.68), coupled with whole-
rock geochemical data, suggest a crustal metaigneous 
source of the parental magma of the Valdepeñas 
monzogranite. This hypothesis is also supported by 
the U-Pb ages (552–650Ma) of inherited zircon cores 
found in this monzogranite, which point to Cambrian-
Ordovician metavolcanics and/or Lower Paleozoic 
metagranitic orthogneisses of central Iberia as the most 
likely sources. The melting of these sources at a late-
collisional Variscan stage could be closely related to 
heat-producing radiogenic elements (K, Th, and U) of 
the crust. The estimated emplacement temperature of 
the Valdepeñas monzogranite is 742–762ºC.
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